EPIC-Heidelberg is a prospective cohort study that is a part of a large-scale Europe-wide study, the EPIC. The full EPIC-Heidelberg cohort consists of 25 540 persons comprised of 11 928 men aged 40 to 64 years and 13 612 women aged 35 to 64 years, who were Background and Purpose-Because primary prevention of stroke is a priority, our aim was to assess the primary preventive potential of major lifestyle risk factors for stroke in middle-aged women and men. Methods-Among 23 927 persons, 551 (195 women and 356 men) had a first diagnosis of stroke during an average followup of 12.7 years. Using Cox proportional hazards models, we estimated the associations of adiposity, smoking, physical activity, alcohol consumption, and diet with risk of developing stroke. A competing risk model built from cause-specific proportional hazards models accounting for concurrent risk of death was used to calculate relative and absolute reductions in stroke occurrences that could have been achieved by maintaining a healthy lifestyle pattern. Results-Obesity, smoking, alcohol consumption, diet, and physical inactivity were each identified as modifiable lifestyle risk factors for stroke. About 38% of stroke cases were estimated as preventable through adherence to a healthy lifestyle profile (never smoking, maintaining optimal body mass index and waist circumference, performing physical exercise, consuming a moderate quantity of alcohol, and following a healthy dietary pattern). Age-specific estimates of 5-year incidence rates for stroke in the actual cohort and in a hypothetical, comparable cohort of individuals following a healthy lifestyle would be reduced from 153 to 94 per 100 000 women and from 261 to 161 per 100 000 men for the age group 60 to 65 years. Conclusions-Our analysis confirms the strong primary prevention potential for stroke based on avoidance of excess body weight, smoking, heavy alcohol consumption, unhealthy diet, and physical inactivity. (Stroke. 2014;45:00-00.)
L arge epidemiological studies have identified several primary modifiable risk factors for stroke, including smoking, overall and abdominal obesity, alcohol consumption, diet, and physical inactivity. [1] [2] [3] [4] [5] In addition, prospective cohort studies have provided estimates on the overall reduction in stroke risk that may be obtained by maintaining a healthy lifestyle. 6, 7 Because primary prevention of stroke is a priority, knowledge is required about the primary risk factors that should be targeted through generalized prevention campaigns and about the overall part of stroke occurrences that could be prevented. In this context, it is relevant not only to estimate relative increases or reductions in the occurrence of stroke, in terms of relative risk and population attributable fractions, but also to estimate the effects that prevention measures may have on individuals' absolute risks in terms of age-specific incidence rates and lifetime cumulative risks. The estimation of agespecific incidence rates, overall or for individuals with lowor high-risk lifestyle profiles, allows comparisons not only within a given study cohort but also across study populations and can underscore to both policymakers and individuals the importance that primary prevention can have for avoidance of major disease outcomes.
Here, we present results from the European Prospective Investigation into Cancer and Nutrition (EPIC)-Heidelberg, a cohort of middle-aged men and women recruited around the town of Heidelberg, in South-West Germany. In particular, we examined associations of modifiable lifestyle factors with the risk of stroke and quantified both relative and absolute reductions in stroke occurrences that could be achieved by maintaining a comprehensive, healthy lifestyle pattern.
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July 2014 recruited between 1994 and 1998 from the general population around Heidelberg. All participants gave informed consent at the study entry, which was approved by the ethical committee of Heidelberg University Medical School. A detailed description of the study design, the data collected at recruitment, and during prospect followup for the EPIC-Heidelberg was previously published. 8 Briefly, at baseline, all individuals completed a general questionnaire and a computer-guided interview about basic demographic factors, prevalent diseases, and lifestyle factors. For all study participants, weight, height, hip, and waist circumferences were measured by trained study nurses, following a standardized protocol. Detailed description of lifestyle factors and classification of variables used in this study is described in the online-only Data Supplement.
Prospective Ascertainment of Stroke Cases
Since baseline recruitment, at regular 3-year intervals information about incident diseases was collected by means of a self-administered questionnaire, and the prospective ascertainment of incident stroke cases was complemented by regular record linkages to the University Clinics of Heidelberg and Mannheim. Information on vital status was collected through municipal population registries. All cases of stroke were systematically verified by a trained study physician and in collaboration with a neurologist, who jointly reviewed relevant medical records and official death certificates. All cases were then coded according to the International Classification of Diseases, 10th Revision (ICD-10) and classified as ischemic stroke (ICD-10 I63), intracerebral or subarachnoid hemorrhage (ICD-10 I61, ICD-10 I60), or undetermined stroke (ICD-10 I64). Only first-ever verified stroke cases with a diagnosis date were considered as the confirmed incident cases of stroke. This study reports follow-up data until December 2009 (4 rounds of follow-up). Participants who had reported a previous diagnosis of stroke at baseline recruitment were excluded (n=238).
Statistical Analysis
All analyses were performed separately for men and women. We estimated the preventive potentials of major lifestyle risk factors for stroke by looking at the reduction in stroke risk, at both the individual and the population level. This was done through fitting multivariable Cox models, which were then combined in a competing risk framework, considering death before occurrence of stroke as the competing event. Age was used as the underlying time scale, modeling delayed entry by left truncation. A detailed description of the statistical analysis used in this study is reported previously 9 and described in the online-only Data Supplement. All analyses were performed with R (the R foundation for Statistical Computing, Vienna, Austria).
Results
During an average follow-up period of 12.7 years, 551 persons including 356 men and 195 women developed stroke. Furthermore, 814 cases of death occurred among men and 436 among women without previous occurrence of stroke. General characteristics of the study population at baseline and number of observed stroke events are presented in Table 1 .
In Cox proportional hazards models, anthropometric indices for both general obesity (body mass index) and abdominal obesity (waist circumference) were related with an increased risk of stroke in men and women, although in multivariable models these associations were no longer significant, with the exception of abdominal obesity among women ( Table 2) . Regarding physical activity, women engaging in any level of physical activity, compared with the inactive category of our combined physical activity index, showed a reduced risk of stroke, which persisted after controlling for the other variables in the study. In men, by contrast, the risk estimates by different levels of physical activity categories were weaker and mostly not statistically significant. Irrespective of controlling for other lifestyle factors, subjects who reported current smoking at the time of recruitment had an ≤2-fold risk increase in risk of stroke compared with never smokers, among both men and women. For alcohol, no statistically significant association between average lifetime consumption levels and stroke risk was observed among women. Among men, those with the highest level of lifetime mean alcohol consumption (>60 g/d) had a significant 57% increase in risk (hazard ratio=1.57; 95% confidence interval, 1.11-2.23) compared with the reference group, although this association was reduced after adjustment for the other lifestyle factors. The healthiest diet score was inversely associated with stroke risk in men but not in women.
Absolute risk models, accounting for the competing risk of death, predicted 316 stroke cases among the men in our cohort (compared with 356 cases actually observed) and 180 stroke cases among the women (195 actually observed) during the follow-up period. The time-truncated concordance index C(t)-a measure for the predictive ability of our competing risk model-at ages 50, 55, 60, and 65 was estimated as 66.9, 65.5, 62.1, and 60.2 for the men and 58.7, 57.6, 60.3, and 58.6 for the women, respectively (data not shown). Figure 1A and 1B shows the cumulative incidence function of stroke using the competing risk model. For a 42-year-old man with a high-risk profile (current smoker, obese with large waist circumference, physically inactive, with high alcohol consumption, and unhealthy diet score), who had no stroke to date, the model predicted a 13.1% absolute risk of developing stroke by the age of 75 years. Likewise, for a 38-year-old woman with a high-risk profile, the predicted absolute risk was 17.2%. By comparison, for a man or a woman with the healthiest risk profile (never smoking, optimal body weight [body mass index] and waist circumference, physically active, consuming a moderately low quantity of alcohol, and having a healthy diet score), the estimated absolute risks to develop stroke by age 75 years were 5.3% and 2.7%, respectively.
In terms of overall preventable fraction, the predicted number of stroke cases would be reduced by 21.5% for men and 27.2% for women if all persons in our study population had maintained an optimal body mass index and waist circumference (Table in the online-only Data Supplement). About 37.0% of stroke cases among men and 37.8% of stroke cases among women could have been prevented if the study participants had lived with the healthy lifestyle profile as defined above. It is important to point out that the respective reductions of stroke cases without inclusion of diet in our models would be 32.6% for men and 42.8% for women, respectively. Figure 2A and 2B shows the substantial disparity in the predicted 5-year incidence rates for stroke in the actual study population and in a hypothetical, comparable cohort with the healthy lifestyle profile, which would be reduced from 261 to 161 per 100 000 (38.3% reduction) men and from 153 to 94 per 100 000 (38.5% reduction) women in the age group of 60 to 65 years.
Discussion
The present prospective study confirms that obesity, smoking, heavy alcohol consumption, unhealthy diet, and physical inactivity are significant lifestyle risk factors for stroke among middle-aged men and women. For the actual study population, by guest on July 14, 2017 http://stroke.ahajournals.org/ Downloaded from and for a hypothetical, comparable population where all individuals would have avoided excess body weight, abdominal obesity, smoking, high alcohol consumption, physical inactivity, and unhealthy diet, differences in the predicted 5-year incidence rates for stroke were observed. Overall, our estimates indicate that ≈38% of stroke cases could have been prevented if the study participants had lived with the healthy lifestyle profile as defined above.
Our basic findings for the 2 strongest lifestyle risk factorssmoking and excess body weight-are much in line with those from previous studies, which also showed 2-fold and higher increases in risk among current smokers compared with nonsmokers 1,2,5 and increased risks among both men and women with abdominal obesity, especially, as defined by large waist circumference. 1, 3 Furthermore, being a former smoker was not associated with stroke risk, showing that cessation of smoking is effective in stroke prevention. 5 In contrast to the well-documented influence of smoking and obesity, the relationship of alcohol consumption with stroke risk is more controversial. Existing evidence suggests a J-shaped association, where the consumption of >60 g of alcohol per day may increase the risk of stroke by >60%, whereas moderate consumption levels of <12 g/d has been associated with a 15% to 20% risk reduction in comparison with abstainers. 1, 10 Our data showed a tendency toward a risk increase for stroke among men with a history of relatively heavy alcohol consumption (>60 g/d) but no clear association among women. By contrast, no evidence for a possible protective effect of light alcohol consumption against stroke was found, contrary to findings from some previous studies. 6, 10 The association between stroke risk and physical activity has been studied extensively but with inconsistent results varying from no or a weak association 7, 11 to moderately strong relationships. 1, 12, 13 Some studies also showed sex-specific associations. 12, 13 Taken together, however, the results from these studies do suggest that lack of any physical activity is a relevant modifiable risk factor for stroke. In our study, women who reported any level of physical activity above the lowest inactive level showed a major reduction in the risk of stroke, in the order of 50%. Our results thus seem to confirm earlier interpretations that moderately intense levels of physical activity are sufficient to achieve a risk reduction among women and that more intense activity may not confer any further benefit. 12 In line with a previous study, we observed that adherence to a Dietary Approach to Stop Hypertension-style diet contributes to the prevention of stroke risk. 6 Interestingly, this association was not present among women in our cohort.
Our combined risk factor analysis indicated that ≈38% of primary stroke occurrences could have been prevented in our study population if all study participants had maintained the healthiest risk profile (optimal body weight/waist circumference, not smoking, moderate alcohol consumption, physically active, and following a healthy dietary pattern). Similar and sometimes even greater estimates of lifestyle-related attributable risks have been reported from other prospective studies, and it has been proposed that ≤60 or even 90% of stroke cases might be preventable through lifestyle modifications (eg, not smoking, optimal body mass index, physical activity equivalent to >30 minutes/d of walking, moderate alcohol consumption, and healthy diet), in combination with the avoidance of other important risk factors, such as hypertension and type-2 diabetes mellitus. 2, 4, 14 For comparison, however, it should be mentioned that our analysis did not include any measures of blood pressure, blood lipids, or other preclinical indicators of stroke risk because such factors would most likely reflect intermediate factors on the pathway between lifestyle and disease development, whereas our primary aim was to estimate the potential for stroke prevention specifically with respect the up-front, primary lifestyle risk factors.
With regard to incidence rates, we estimated average agespecific risks in our study cohort to be ≈261/100 000 for men and 153/100 000 for women in the age range of 60 to 65, which is relatively comparable to the rates reported from regional stroke registries in different German subpopulations (eg, Ludwigshafen and Erlangen). Within Germany, estimates from these registries indicate corresponding rates for 55-to 64-year-old persons varying from 188 to 368 for men and from 203 to 240 for women. 15, 16 Studies in Europe and Asia indicate ≤8-fold variation in 1-year incidence rates ranging from ≈100/100 000 in Italy 17 to 330 to 433/100 000 in The Netherlands and Japan 18, 19 and with relatively extreme values as high as from 500 to 800/100 000 in Ukraine and Russia 20, 21 for men and women aged 55 to 64 years. The incidence rates in Germany and in our cohort thus lay within the midrange of the rates reported worldwide.
Our estimated stroke incidence rates in a hypothetical population of men and women with the healthy lifestyle profile were on average 30% to 40% lower compared with the rates in the actual study population. The 5-year incidence rates for women and men with the healthiest lifestyle profile are comparable to the mean rates observed in populations with low incident rates, such as low-risk regions in Italy 17 and France. 22 With regard to long-term absolute risks as a function of lifestyle profiles, the absolute risk to develop stroke by age 75 years would diminish to 5.3% for men and 2.7% for women if lifestyle factors were modified to the healthiest level. It is worth mentioning that, in a parallel analysis, we and others found similar or even greater differences in the long-term absolute risks of developing myocardial infarction, essentially depending on the same risk factors as those considered in the present analysis. 9, 23 Taken together, the high absolute lifetime risks for stroke, myocardial infarction, and other chronic diseases among subjects with unhealthy lifestyle patterns, and the large difference with those who had a low-risk pattern, provide a compelling argument to health policymakers, as well as single individuals, to increase efforts for primary prevention and to maintain healthy habits.
Although our study has several strengths-in particular, its prospective design, a reasonably large number of incident cases, and detailed clinical verification and coding of stroke end points-it also has several limitations. In line with conclusions and interpretations from many previous studies, we assumed that to a large extent the risk factors retained for our overall risk modeling were genuine and independent primary determinants of stroke incidence. However, although mutual adjustments between the risk factors could be made in our multivariable risk models, residual confounding biases cannot ever be ruled out entirely. Possible confounding factors that we could not adjust for in our analysis include, for example, chronic (eg, work-related) psychological stress as source of hypertension, socioeconomic determinants of having access to or making use of regular healthcare and health surveillance, and use of antihypertensive drugs or other forms of medication (eg, nonsteroidal anti-inflammatory drugs, lipid-lowering drugs), which, in subsets of cohort, may have been recommended to specifically target increased risk states that may be intermediate between primary lifestyle factors and stroke as an end point.
Finally, as in most observational studies, it is likely that measurement errors caused substantial regression dilution bias in effect estimates of each of the basic lifestyle factors considered in this analysis. The assessments of alcohol consumption, diet, smoking habits, and physical activity levels Figure 1 . Absolute risk to develop stroke for a man with a given lifestyle profile who is disease free at age 42 years (A) and for a woman who is disease free at age 38 years (B). Highest risk: current smoker, obese with large waist circumference, physically inactive, high alcohol intake, and unhealthy diet score. Average risk for men (based on typical risk profile in our study population): former smoker, overweight with moderate waist circumference, moderately physically inactive, moderate alcohol consumption, and unhealthy diet score. Average risk for women: never smoker, optimal weight with moderate waist circumference, moderately physically inactive, low alcohol consumption, and intermediate diet score. Optimal risk: never smoker, optimal weight and waist circumference, moderately low alcohol consumption, physically active, and healthy diet score. Obese: with average risk profile but obese and with large waist circumference. Current smoker: with average risk profile for the other variables.
Figure 2.
Five-year stroke incidence rates for men (A) and women (B) predicted in the actual study population and in a hypothetical population with a healthier lifestyle profile (never smoker, optimal body weight and waist circumference, physically active and moderate low alcohol consumption, healthy diet score). 
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were all based on self-reports and may not be fully accurate with respect to true exposure levels. The same applies to our anthropometric indices of excess weight, which provide only approximate measures of overall and abdominal adiposity, which are likely to be the true risk determinants. Also, as in many other studies, we did not account for possible changes in smoking or other lifestyle factors during follow-up. Besides a non-negligible underestimation of relative risks and attributable fractions, random assessment errors would also lead to an incomplete differentiation between highest and lowest absolute risk estimates for subjects classified by high-and low-risk factor scores.
In conclusion, our results support previously established classical lifestyle risk factors for stroke and emphasize the importance of avoiding high-risk lifestyle factors for the preventions of stroke. Our estimates show that incidence rates for men and women who adhere to a healthy lifestyle pattern can be as low as those documented for typical low-risk regions in Europe. For increased differentiation between the absolute risks of low-and high-risk individuals, future prospective studies should invest in increasing the accuracy of assessments of lifestyle factors and body composition, including repeat measurements over time. From our and other analyses, it seems that especially smoking and excess body weight are the 2 major risk factors that should be targeted with greatest priority for primary prevention strategies.
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Primary preventive potential for stroke by avoidance of major lifestyle risk factors: the EPIC-Heidelberg cohort Supplemental Methods
Classification of lifestyle variables used in the study
Lifestyle data on smoking, body height and weight (BMI), waist circumference, alcohol drinking, physical activity and diet were considered in this analysis. All participants were divided into three body-mass-index (BMI) categories according to the standard WHO definition of optimal weight (<25 kg/m²), overweight (25-29.9 kg/m²), and obesity (≥ 30 kg/m²). In addition, population, sex-specific tertiles were employed to classify subjects into categories of optimal, middle and high waist circumference (for men < 91, 91-99.4, ≥ 99.5 cm; for women <74.7, 74.7-84.9, ≥85 cm). For physical activity, an overall activity index, internally referred to as the "Cambridge Index", was used to calculate a Metabolic Equivalent (METs) score combining both occupational and recreational activity (hours spent with cycling and sports), described in greater detail previously 1 . Based on this MET score, subjects were assigned to four categories named "inactive", "moderately inactive", "moderately active", and "active". The lifetime mean alcohol intake was calculated as a weighted average of alcohol intake at different ages, with weights equal to the individuals' average alcohol intakes during different age periods and four sex-specific categories were derived from baseline data adapted from the alcohol intake categories reported in the general guidelines for stroke prevention 2 : for men; <12, 12-24, 25-59, ≥ 60 g/day: for women; <6, 6-11, 12-23, ≥ 24 g/day. Study participants were categorized into three groups as never smokers, former smokers and current smokers.
Regarding habitual diet, all cohort participants filled out a detailed food frequency questionnaire (FFQ) at baseline. To reduce the number of parameters associated with the dietary information, several food item categories (eg. consumption of processed meat, red meat, vegetables, fruits, whole-grain, etc) were created, which were then combined into a dietary score. A criterion for variable selection was the availability of the necessary data to construct the score. We have selected to use a diet-quality score, the DASH diet (The Dietary Approaches to Stop Hypertension). This dietary pattern has been shown to be relevant for stroke and is recommended to be followed for stroke prevention [2] [3] [4] , mainly through its effect on blood pressure 5, 6 . The DASH-style diet score was constructed based on diet emphasized or minimized in the DASH diet, focusing on 8 components: high intake of fruits, vegetables, nuts and legumes, dairy products, whole grains and low intake of sodium, sweetened beverages, and red and processed meats. For each component, participants were classified into quintiles according to their intake ranking and the component scores were summed up to overall DASH score, ranging from 8 to 40. Based on sex-specific tertiles of this score, participants were assigned to the following groups: unhealthy, intermediate or healthy dietary score (for men 8-20, 20-23, 24-40; for women 8-23, 23-27, 28-40, respectively).
Because of the insufficient data among stroke cases, it was not possible to adjust the models for the use of aspirin and NSAID. As our focus was explicitly on directly modifiable lifestyle factors, we did not consider hypertension in our risk profile analyses.
Statistical analysis
We excluded individuals who were lost to follow-up and had no information on stroke status (n=1,134), or had incomplete data on any variables required for this analysis (n=241). The final data set thus consisted of 23,927 individuals (11,062 men and 12,865 women). Cox proportional hazards models were used to estimate the association of adiposity as expressed both via the BMI and waist circumference, physical activity, alcohol consumption, diet, and smoking with the risk of developing stroke. For each variable, proportional hazard models were first fitted to the data to estimate relative difference in risk among groups of individuals defined by that variable. All variables were then considered in one Cox model. Age was used as the underlying time scale, modelling delayed entry by left truncation. The proportional hazards (PH) assumption was found to hold for all variables in the model (according to the analysis of the scaled Schoenfeld residuals), except for the univariable model with smoking as the predictor in the men cohort.
Furthermore, we estimated the preventive potential of stroke by looking at the reduction in stroke risk, at both the individual and the population level. This was done by building a competing risk model, considering death without occurrence of stroke as the competing event. Cause-specific hazards were obtained from multivariable Cox models and then combined to give estimates for the cumulative incidence function (the absolute risk of stroke) 7 . To assess the predictive discrimination of our competing risk model, we employed the time-truncated concordance index C(t), adapted for competing risk settings 8 . Specifically, the inverse probability of censoring weighted (IPCW) estimators of C(t) were evaluated using Kaplan-Meier estimates of the censoring times. We present estimates obtained by bootstrapcross validation.
The predicted number of incident stroke cases in our cohort was calculated by summing up each person's absolute risk to develop stroke in his/her entire actual follow-up period. We then repeated the above analysis with all lifestyle risk factors being set to their healthy level to estimate the reduction in the number of stroke cases due to this modification.
Standardized incidence rates were computed from the average time-standardized probability of developing stroke (per 1 year) over all men and women observed within the presented 5-year age groups multiplied by 100,000, assuming the person to be alive and disease free at the beginning of the models' time range. This analysis was repeated in a hypothetical, comparable cohort having a healthy lifestyle profile.
All analyses were performed with R (the R foundation for Statistical Computing, Vienna, Austria), using the libraries rms and survival. For the computation of the C-index, we adapted functions of the library pec.
Supplemental Table I
Expected reduction in the number of incident stroke by modifying lifestyle risk factors to healthier levels for men (A) and women (B). Healthy level without diet** 77 42.8%
A. Lifestyle modification for men
Healthy level** 68 37.8% *The predicted total number of incident stroke cases, for the given study cohort without lifestyle modifications, is 316 for men and 180 for women. ** Never smoker, optimal body weight and waist circumference, physically active, moderately low alcohol consumption, healthy diet score.
